ABSTRACT -This study aimed to estimate heritability, genetic, and residual correlations between reproductive traits such as age at first calving, calving interval, dry period, and first service period and linear type traits measured in Holstein cows born between the years 1990 and 2008 in Brazil. The (co)variance components were estimated by restricted maximum likelihood, using the MTDFREML software. The heritability for reproductive traits and linear-type traits ranged from 0.02 to 0.03 and from 0.07 to 0.40, respectively. Estimates of genetic correlations between reproductive and linear-type traits ranged from -0.23 (top line) to 0.28 (angularity) to age at first calving, from -0.54 (final score) to 0.34 (foot angle) to calving interval, from -0.23 (angularity) to 0.56 (stature) to dry period, and from -0.52 (final score) to 0.36 (height udder) to first service period. Direct selection for any of the reproductive traits implies low genetic gains by virtue of their low heritabilities. Among the linear-type traits, the final score, chest width, top line, angularity, teat length, udder attachment, rear teat placement were highlighted as good auxiliary traits to improve reproductive efficiency of Holstein cows in Brazil. The simultaneous selection for reproductive and linear-type traits can lead a higher genetic progress in the reproductive traits.
Introduction
Reproductive efficiency is a major factor affecting profitability in dairy cattle. For many years, dairy cattle selection has been based on improving production traits, such as milk production, leading to a decrease of reproductive performance in dairy cows (Rennó et al., 2003; Pérez-Cabal et al., 2006) .
The main difficulty in the genetic selection of reproductive traits is their low heritability, which ranges from 0.04 (dry period) to 0.18 (age at first calving) (Brcko et al., 2010; Eghbalsaied, 2011) . This low heritability delays the genetic gain with these traits. Genetic gain may be obtained through indirect selection based on traits correlated with the reproductive traits and measured more easily in the life of the animal, such as the type traits (Berry et al., 2004) . The simultaneous selection for two or more traits can lead a higher genetic progress in the traits of interest.
Type traits have been associated with other economic traits to improve cows conformation and functional and reproductive traits, so that the animal has a body structure that can support the challenges of increasing production (Miglior et al., 2005) . A considerable number of type traits displays favorable genetic relationships with calving interval, showing that indirect selection for type traits can be used to obtain genetic progress for some reproductive traits (Dal Zotto et al., 2007; Makgahlela et al., 2009) .
Type traits have been used as a tool to indirect selection to improve reproductive efficiency. This study aimed to estimate the genetic and residual parameters as heritability, genetic, and residual correlations between reproductive and type traits in Brazilian Holstein cows.
Material and Methods
Linear classification records for type and reproductive traits from Holstein cows were provided by the Associação Brasileira de Criadores de Bovinos da Raça Holandesa (ABCBRH) and its state affiliates, between 1995 and 2010 totaling 113,000 cows born between 1990 and 2008.
R. Bras. Zootec., 46(2): [91] [92] [93] [94] [95] [96] [97] [98] 2017 The classifications regarding type traits were obtained from direct or visual measurement of the morphology of cows expressed on a biological point scale ranging from 1 to 9, according to the Canadian model, and included morphological evaluation of 21 traits, divided into seven sections. The type traits studied were: conformation (stature, top line, weight, chest width, body depth, and loin strength), rump (angle and width), legs and feet (foot angle, bone quality, and side view of rear legs), front udder (fore udder attachment, fore teat placement, and teat length), rear udder (height, width, and placement of the teats of the rear udder), mammary system (depth, udder texture, and udder cleft), and dairy form (angularity), as well as the final score, which expresses the balance between the sections. The reproductive traits evaluated were: age at first calving, first calving interval, first dry season duration, and first service period.
Consistency of records for the type and reproductive traits was performed separately. For consistency in the type traits, the cows had to be classified from their first to third lactation and aged from 20 to 67 months. Cows without pedigree information, with a final score of less than 60 or greater than 90 points, with different dates of birth, same date of calving in different lactation numbers, or more than one classification were excluded from the database.
To minimize the environmental influence on the analysis, ten lactation classes at classification (first to tenth month of lactation) and four classification periods were formulated: summer (January to March), fall (April to June), winter (July to September), and spring (OctoberDecember). Contemporary groups for type traits were formulated based on herd, year, and classification period, each one containing at least three cows. Additionally, each cow's father was required to have at least two daughters in at least two different herds. After verifying the consistency of data, four different databases were formed; the number of records for the bivariate analysis, including these traits, ranged from 14.714 for first service period to 31.231 for age at first calving (Table 1) .
The estimation of (co)variance components was conducted between reproductive-and linear-type traits using multi-trait models. These models included the fixed effects of contemporary group, period of classification, classifier, lactation classes at classification, and age at calving (covariate as linear and quadratic terms) for type traits and the fixed effects of contemporary groups and age at calving (covariate as linear and quadratic terms) for reproductive traits. The animal and residual random effects were common to both models. The matrix model used to estimate the components of (co)variance between reproductive-and linear-type traits can be represented by: It is assumed that:
, in which g ij are the elements of the matrix G (co)additive genetic variance or animal effects, with each element defined as: g 11 is the additive genetic variance for the direct effect of the linear type trait (i = 1); g 12 = g 21 is the additive genetic covariance between the two traits; g 22 is the additive genetic variance for direct effect of reproductive trait (i = 2); A is the numerator of the matrix coefficients of kinship between animals; r ij are the elements of the matrix R, related to the (co)variance of the residual effects, with each element defined as: r 11 is the residual variance for the linear type trait (i = 1); r 22 and r 21 are the residual covariances between reproductive and type traits; r 22 is the residual variance for the reproduction trait (i = 2); and I is the identity matrix which assumes the independence of errors with the same variance.
Estimates of the components of (co)variance were performed by the method of restricted maximum likelihood using MTDFREML software (Boldman et al., 1995) , considering the convergence criterion of 10 -9 . 
Results and Discussion
The average age at first calving was 26.86 months (Table 2 ). This was similar to the one observed by Wolff et al. (2004) . According to Campos and Lizieire (2005) , age at first calving from 23 to 25 months can be considered indicative of reproductive efficiency of Holstein cows. The age at first calving, despite being intensively selected in Holsteins, deserves attention in animal breeding programs, once it can influence other reproductive and productive traits. Krpálková et al. (2014) demonstrated that cows with earlier calving have fewer days open, reduced service numbers, shorter interval to conception, as well as increased milk production in the second and third lactations.
The average calving interval was approximately 14 months (Table 2) , similar to the reported by Zafar et al. (2008) and Grebogi et al. (2008) , who found 14.3 and 13 months, respectively, in Holstein cows. According to Bahonar et al. (2009) a period of 12 to 13 months, can be considered optimal for dairy cows. Longer intervals, above 14 months, are related to decreased milk production and with increased reproductive problems such as abortion (Leite et al., 2001 ). According to Ferreira and Miranda (2007) , the reduction of one month in the calving interval leads to an 8.3% increase in milk production and in the number of calves per cow. Therefore, a higher calving rate, a reduced number of dry cows, and a higher number of lactation cows are expected in the herd.
The average dry period was about 61 days (Table 2 ). Several studies have recommended a period of 60 days as ideal, thus maximizing production over the life of the cow (Kuhn et al., 2006; Rangel et al., 2009; Mello, 2014) . However, some studies comparing different dry periods have indicated that shortening the dry period (around 40 dry days) can improve the profitability in the herd. The benefits of reduced dry period are: higher milk produced in the current lactation and less changes in nutritional management practices, decreasing metabolic disorders (Gulay et al., 2003; Rastani et al., 2005; Watters et al., 2008) . Shoshani et al. (2014) reported that cows with 60-day dry period produced more milk in the next lactation than cows with 40 days, but less in the current lactation. These authors did not find difference in the fat, protein, and colostrum quality between the two periods. However, cows from the 40-day dry period showed minor calving to conception interval and lactation duration.
The average time between calving to first conceptionfirst service period -was approximately 120 days (Table 2) . This is higher than recommended for obtaining adequate reproductive performance in dairy cattle, between 60 and 90 days, which allows for a calving interval around 13 to 14 months (Pereira et al., 2000) . Longer first service period, over 90 days, is associated with shorter length of productive life in dairy cows (Sewalem et al., 2008) , lower milk production, and increasing fertility problems (Ferreira and Miranda, 2007) , consequently leading to decrease in profitability in dairy cattle.
In general, the heritabilities were low for all reproductive traits (Table 2) . These values indicate that the reproductive traits are greatly influenced by environmental factors and, therefore, direct selection for these traits involves slow genetic progress, which support the hypothesis that fertility traits are difficult to use directly as selection criteria. Low values were also reported by Eghbalsaied (2011) and Silva et al. (2001) for the calving interval (0.06 and 0.03) and age at first calving (0.03 and 0.02). Pereira et al. (2000) and Silva et al. (2001) reported heritability near the nullity for dry period (from 0.00 to 0.04). Moreover, moderate to low estimates for age at first calving (0.13) and calving interval (0.18) were reported by McManus et al. (2008) for Holstein cows.
The low estimates can be due to low additive genetic variance of these traits (Silva et al., 2006; Pereira et al., 2000) and also because these traits reflect, in part, the personal decisions of producers as well as other reproductive and nutritional management factors.
The average scores for linear-type traits ranged from 4.5 (teat placement) to 7.2 (height) ( Table 3 ). The final score showed a value above the minimum established as ideal, indicating certain harmony between linear-type traits in Brazilian Holsteins as also highlighted by Kern et al. (2015) .
The heritability for type traits showed small variations according to the different reproductive traits studied. (Table 3 ). The higher heritability values were observed for stature, rump width, and teat length traits. These higher heritability values indicate that genetic gains of these type Kern et al. (2015) also reported that foot angle and udder texture were the traits that showed the lowest heritability in Holstein cows in Brazil, using a multi-trait model, including production and longevity traits, respectively. The residual correlations were next to nullity (Table 4) . These values suggest that reproductive and type traits are not influenced by the same environmental factors and improvement in the environmental management in relation to the type traits do not increase the efficiency of reproductive traits.
Considering that the effect of residual correlation in the current generation will not affect the next generation, the attention should be focused on the genetic correlation between traits, being this effect passed on to future generations. The importance of correlation studies between traits is related to the possibility of selection for just one when two traits are correlated genetically. The choice of which to use depends on factors such as heritability, cost, ease of collection, and time for obtaining the trait or measure.
In general, the genetic correlations obtained were moderate to low (Table 4 and Figures 1 and 2) . The magnitudes of the genetic correlations ranged from -0.54 (final score with calving interval) to 0.56 (stature with dry period).
Considering the age at first calving, the strongest correlations were observed with angularity (0.28), top line (-0.23), chest width (-0.18), body weight (-0.16), bone quality (0.16), and foot angle (0.15) (Figure 1 and Table 4 Table 4 -Genetic and residual correlations between linear-and reproductive-type traits in Brazilian Holstein cows according to conformation, rump, feet and legs, fore udder, rear udder, mammary system, dairy form, and final score first calving; thus if the indirect genetic selection use these traits, such as top line, chest width, and body weight, higher efficiency can be obtained for age at first calving, ie, higher cow precocity at first calving. Given the low correlation with final scores (-0.10), indirect selection to age at first calving based on final score will result in slow genetic advances. Wenceslau et al. (2000) reported moderate to low and negative genetic correlations between age at first calving and type traits in Gir dairy cows, except for body depth, which showed a positive correlation (0.25).
The genetic correlations between calving interval with type traits, ranged from -0.54 (final score) to 0.34 (foot angle) (Table 4 and Figure 1 ). Indirect selection for final score (-0.54), chest width (-0.26), teat length (-0.21), and body depth (-0.20) can be used as tool for the selection of cows with smaller calving interval. The other type traits, such as foot angle, stature, and side view of rear legs also showed moderate genetic correlation with calving interval. However, these values are positive, suggesting that selection for reproduction using these type traits would significantly increase the calving interval of cows. The genetic correlations between calving interval with rump angle, rump width, and udder height were null and/or near to nullity, suggesting that selection for these type traits would not add genetic gains to reproductive traits as calving interval.
Most type traits related to the mammary system and udder sections, with exception of teat length and placement, showed unfavorable association with calving interval. This result may be considered questionable, as animals with good udders are generally in good health and, therefore, expected to have fewer fertility problems. A possible explanation for the unfavorable genetic correlations between the mammary traits with calving interval is due to the fact that selection for increased milk production, for long years (which is unfavorably correlated to fertility), has resulted in unfavorable genetic trends in fertility, as the increase in calving interval (Veerkamp et al., 2001; Wall et al., 2005) . Silva et al. (2015) also reported similar results for genetic association between foot angle, chest width, rump angle, body depth with calving interval. However, these authors and Makgahlela et al. (2009) , indicate that selection for rump width can improve the calving interval in dairy cows, which differs from our study and from the Wall et al. (2005) study, in which no genetic association was found between these two traits.
Genetic correlations between type traits and dry period showed values varying from -0.23 (teat placement rear) to 0.56 (stature) ( Table 4 and Figure 2 ). The strongest positive genetic correlation of dry period were observed in stature (0.56), body weight (0.54), udder depth (0.36), and rump width (0.26). However, despite moderate, this genetic correlation is not desirable, because the selection to improve this type traits also lead to increased dry period. The negative genetic correlations, i.e. desirable with dry period, were observed in rear teat placement (-0.23), angularity (-0.23), final score (-0.20) , and bone quality (-0.20) , suggesting that indirect selection for these type traits can result in reduced dry period.
The major proportion of genetic correlations between first service period and type traits were positive and moderate to low, as udder texture (0.36), udder height (0.32), angularity (0.31), rump angle, and width (0.26), which do not provide desirable association with this reproductive trait, leading to the increase in service period if indirect selection is directed toward this type traits (Table 4 and Figure 2 ). However, we can highlight the final score (-0.52) and, in lesser extension, the udder attachment (-0.16) as possible indirect predictors to improve the first service period.
The final score showed favorable genetic correlations between the first service period, dry period, and calving interval, suggesting that it can be used as an indirect prediction to increase the reproductive efficiency in Brazilian Holsteins cows. Moreover, according to Campos et al. (2012) , the final score reflects the genetic harmony among the all type traits and suggests that these traits can be used as selection criteria to promote improvements in various type traits due to the strong genetic correlation among them.
The traits from the conformation sections demonstrated favorable associations with age at first calving and calving interval, but insignificant genetic association between dry period and first service period. However, Pryce et al. (2001) and Berry et al. (2003) reported that cows with good conformation and body weight showed a favorable genetic correlation with first service period, with values varying from -0.54 to -0.18. According to Veerkamp et al. (2001) , conformation traits are widely used in many species to assess body composition and energy balance status of animals.
A possible explanation for the unfavorable association between most traits related to udder and mammary system sections (except for teat placement, teat length, and udder attachment) with the reproductive traits may be due to a favorable genetic association of these type traits with the milk production. According to Roxstrom et al. (2001) and Evans et al. (2002) , selection for milk production has led to decreased reproductive efficiency of animals.
The top line and chest width with age at first calving, final score and chest width with calving interval, rear teat placement and angularity with dry period and final score, and udder attachment with first service period had the highest and most favorable genetic correlations and can be used as auxiliary traits for selection of improvement in reproductive traits. Final score may be indicated for use in indirect selection due to its moderate to high genetic correlation with all reproductive traits studied. The magnitudes of genetic associations obtained in this study reinforce the possibility of practicing indirect selection based primarily on breeding values and indicate the necessity to design a national selection index to increase reproductive efficiency in Brazilian Holstein cows.
Conclusions
Estimated genetic parameters show very low heritabilities for fertility traits. Despite the relatively low heritability of many fertility traits, an opportunity exists to improve reproductive performance through selection for a combination of interrelated traits. The type traits final score, chest width, top line, angularity, teat length, udder attachment, and rear teat placement have potential to be used as auxiliary traits for indirect selection for reproductive efficiency of Holstein cows managed in Brazilian herds. The simultaneous selection for reproductive-and lineartype traits cited above can lead a higher genetic progress in the reproductive traits.
